Effective teamwork and communication is now recognised as a critical component of safe and high-quality patient care. Researchers, policymakers and frontline providers are in search of strategies to improve teamwork in healthcare. The most frequently used strategy is teamwork training. 1 Teamwork training involves a systematic process in which a team is guided (often by facilitators) to improve and master different skills for working together effectively. Single-centre teamwork training initiatives have demonstrated improvements in patient care, but these results have been challenging to reproduce at scale. 2 In this issue of BMJ Quality and Safety, Lenguerrand et al report the results of a stepped-wedge randomised controlled trial in which PRactical Obstetric Multi-Professional Training (PROMPT), an interprofessional intrapartum training package, was implemented across 12 maternity units in Scotland. 3 Each participating unit identified an in-house training team to travel to attend a 2-day PROMPT Train the Trainers programme conducted in one simulation centre; two units were unable to send training teams. Training teams were subsequently responsible for coordinating the delivery of in-house PROMPT courses to all maternity staff within 12 months. The courses were intended to cover core obstetrical emergencies, such as postpartum haemorrhage, sepsis, shoulder dystocia, teamwork and fetal monitoring. In addition to clinical outcomes, each maternity unit collected process data about their local PROMPT courses, including the total number of staff trained and courses delivered and the actual course content. The authors found a significant amount of variability in the implementation across units. For example, all courses included elements of teamwork whereas fetal monitoring and shoulder dystocia training were not universally included. Despite the previously demonstrated benefits of PROMPT in single-centre studies, the final results did not demonstrate a reduction of term babies with a low Apgar score. The authors postulate this null finding may be in part related to barriers in implementation rather than the effectiveness of the PROMPT training package itself. This highlights the need to understand the real-world barriers to implementation of available teamwork training interventions in order to design solutions to overcome them. Herein, we identify common challenges associated with scaling current teamwork training programmes and suggest methods for spreading teamwork training more broadly.
Barriers to scaling teamwork training in healthcare
Similar to most existing teamwork training programmes, PROMPT uses a combination of didactic instruction and healthcare simulation. Didactic instruction involves the passive transmission of knowledge in a unidirectional flow from the educator to the learner whereas healthcare simulation is 'a technique that creates a situation or environment to allow learners to experience a representation of a real event for the purpose of practice, learning and evaluation'. 4 Each of these approaches has important limitations. For adult learners, the didactic approach is demonstrably inferior to the experiential learning of simulation. 5 Simulation training encourages participants to experience events in both a cognitive and emotional fashion in ways that didactic education does not. This is believed to help enhance the natural transfer and application of knowledge to real-life situations. However, significant barriers preclude the scaling of simulation-based teamwork training. Table 1 Approaches for scaling simulation-based teamwork training
Method Definition
Overcoming technological limitations Screen-based simulation A type of simulation 'presented on a computer screen using graphical images and text, similar to popular gaming format, where the operator interacts with the interface using keyboard, mouse, joystick or other input device'. 4 Technology is used 'to provide feedback to, and track actions of learners for assessment, eliminating the need for an instructor'. 4 Telesimulation 'A process by which telecommunication and simulation resources are utilised to provide education, training and/or assessment to learners at an off-site location, where an off-site location is considered a distant site that would preclude education, training and/or assessment without the use of telecommunication resources'. 25 
Observed simulation
Observing live or prerecorded video interactions of real people without the use of telecommunication. 14 
Overcoming limited access to trained facilitators Scripted facilitation
'A cognitive aid that may promote faculty development efforts and augment debriefing skills particularly in those educators who are still solidifying their debriefing expertise'. 26 Within-team debriefing 'A debriefing led by the team itself rather than an external instructor'. 19 Immersive simulation-based teamwork training often requires specialised technological equipment to recreate the clinical environment. For these reasons, these types of teamwork training programmes are most commonly available in simulation centres. Simulation centres with the technology required to provide this type of simulation training are relatively few in number, have limited capacity, are expensive to launch, operate and maintain and require staff time commitments in conflict with production demands of healthcare systems. For example, in the USA, there are currently 493 simulation centres listed in the Society for Simulation in Healthcare's Sim Center Directory. This represents 71% of all simulation centres globally. The American Hospital Association estimates there are 6210 hospitals and 5260 ambulatory surgical centres in the USA. On average, each simulation centre would need to serve roughly 24 healthcare facilities to deliver their programming at scale. We predict this ratio is even higher in most other countries with fewer simulation centres. Thus, while immersive simulationbased teamwork training addresses the needs of adult learners, it is too often inaccessible.
Simulation-based teamwork training can also be delivered with minimal resources through roleplay or in situ simulation. This method can circumvent the resource, time and infrastructure barriers to opening and maintaining a simulation centre. However, even this approach has challenges. Even when specialised equipment is not required for the simulation, successful simulation-based teamwork training requires the contribution of trained facilitators to design and deliver curricula and guide the participants' learning. Reflection on personal experience through debriefing is responsible for most of the important learning in simulation. This is true not only in simulation training but also in allowing clinical teams to learn from real clinical events, especially adverse outcomes. 2 However, managing a debriefing exercise is an unfamiliar task for most clinical educators. This can lead to limited uptake of this role due to a well-recognised phenomenon where educators resist engagement for fear of looking foolish in front of trainees and colleagues. 6 In the following sections, we review some of the emerging options for delivering simulation-based teamwork training at scale that have the potential to overcome challenges related to availability of specialised equipment and trained facilitators often required for immersive simulation (table 1) .
approaches to scale: overcoming technological limitations
Technological barriers to simulation-based teamwork training can arise due to limitations in the resources required to deliver effective training to clinical teams not just once, but in a sustained fashion to combat decay of learning. Several approaches have been proposed to overcome the technological resources required for immersive simulation-based teamwork training.
With each successive modification described in table 1, the technological requirements to produce and deliver the training are reduced. For example, telesimulation and screen-based simulation are both alternatives to immersive simulation. The important difference between screen-based simulation and telesimulation is that telesimulation does not use virtual reality. Rather, it uses remote, real-time expert facilitation to provide training to off-site locations. This modification significantly reduces the expertise and costs required to produce the virtual environment used in screen-based simulation that may otherwise create barriers for development, validation and maintenance of this high technology platform.
With the expansion of internet access, there is now widespread availability of telecommunication, even in low-resource settings. 7 However, telesimulation requires high-speed internet for real-time live streaming, which is commonly cited as a challenge and a barrier to its successful implementation globally. [8] [9] [10] Furthermore, telesimulation can put additional strain on qualified facilitators that are already stretched Editorial thin, particularly when used across time zones. 11 For example, the University of Toronto provides teaching and evaluation of laparoscopic skills to lowresource contexts using telesimulation. 9 Instructors for this course are required to commit to an 8-week to 10-week course where they provide four to six 1-hour to 2-hour telesimulation teaching sessions. Cultural differences in communication, leadership and decision-making may create limitations for the effectiveness of this approach for the global spread of non-technical skills training. 12 For these reasons, the sustainability of telesimulation as a viable solution for scaling simulation-based teamwork training is unclear and it may represent an exchange of one set of barriers for another.
Observed simulation can further reduce the technical barriers to simulation-based teamwork training. Observation is an accepted form of adult learning; it 'informs us about the roles of other people in our environment and allows us to make predictions which will guide our own behavioural output'. 13 It is different from didactic education as it is problem centred and meaningful to participants' life situations, and it can elicit emotional and psychological engagement similar to participatory simulation. Our recent systematic review and meta-analysis demonstrated that observation was comparable to active participation in simulation-based training when observation and debriefing activities are directed towards specific learning. 14 A variant of observed simulation, involving a recorded video scenario portraying clinicians other than the learners' colleagues, may also help limit the psychological risk of debriefing. Although observed simulation dramatically lowers the technology barrier, it does little on its own to improve access to trained facilitators needed to deliver the critical reflection component of simulation-based training.
approaches to scale: overcoming limited access to trained facilitators
In addition to overcoming technical barriers to participating in simulation-based teamwork training, we also recognise the need to minimise the reliance on trained facilitators, given their scarcity and the barriers to training them. Simulation facilitators play a variety of roles depending on the needs of their local context. They can be responsible for implementing, designing and conducting simulations in addition to debriefing participants. Healthcare providers interested in becoming simulation facilitators currently acquire the necessary skills through a variety of courses and workshops, most of which require one or more days and have associated educational and travel costs. For example, in the study by Lenguerrand et al, two midwives, one obstetrician and one anaesthetist were required to travel from their local institution to attend a 2-day Train the Trainer programme at The Scottish Clinical Simulation Centre. Because of similar time demands, relatively few educators have the opportunity to obtain formalised training. 15 16 The lack of facilitator development in simulation has consequences; several qualitative studies describe facilitators' low comfort level with the simulation technology and with designing and running scenarios. 6 17 Master trainers often return to their local institutions with limited support to deliver trainings making it challenging to sustain high-volume delivery. This may be one explanation for the large variation in number of PROMPT training sessions delivered by the master trainers at each participating unit (ie, between 0 and 20). The authors state that even the highest performing sites did not exceed the 90% training threshold needed to demonstrate improvements associated with PROMPT training in previous studies. This has also been observed with other large-scale teamwork training initiatives, such as TeamSTEPPS where only 50% of master trainers report sustaining implementation after a few months. 18 There is a need for methods of delivering teamwork training that can be employed with a reasonable and accessible level of investment of time, effort and resources for facilitators, recognising competing demands in healthcare.
A number of recent randomised controlled trials have demonstrated the effectiveness of using debriefing scripts for new facilitators without formal facilitation training to manage simulation exercises. 19 20 However, our experience suggests that new facilitators may feel intimidated or uncomfortable to step into this role even with a script. Often, prior studies on scripted debriefings do not acknowledge the challenge of engaging new facilitators. In most studies, the facilitators are already committed to the role. Thus, an important gap in the evidence on scripted debriefing is that it does not address this recruitment challenge.
An approach that minimises the burden on both new and experienced facilitators is within-team debriefing. 19 In this model, the team guides itself through a debriefing without an instructor using an expertly designed discussion outline to prompt reflection on their actions and the specific learning objectives of the exercise. Use of a prerecorded, video-based observed simulation may allow experts to curate discussion guides that are even higher quality given the predictability of the scenario compared with active participatory simulation. This combination of techniques also supports potentially much larger groups of participants: the video simulation is a large group activity and the debriefing occurs in small group breakouts, of which there can be many in a single session.
While using scripted facilitation or within-team debriefing may be effective ways to spread simulationbased teamwork training, no studies have assessed psychological safety in these models. Some learners have previously experienced psychological harm that may be stirred up by simulation training, and seasoned facilitators have a variety of skills to help mitigate these challenging situations. Use of prerecorded, video-based Editorial observed simulation may help reduce these risks when a video scenario that does not depict the learners' colleagues or self is employed and, thus, may help lower the threshold level of skills required to manage psychological safety among participants. Improving teamwork at scale through simulation will be one step closer if there is an accessible approach to facilitation and debriefing, but prior to spreading, new methods must be thoroughly investigated for their effectiveness and potential harm.
looking to the future: scaling simulation-Based teamwork training We have reviewed several strategies described in the literature that have the potential to overcome the technological and facilitator-related resource barriers of simulation-based education. By using a combination of these methods, facilities with varying capacities and capabilities will be better able to access these valuable patient safety interventions in the context of their local resources. For example, a facility equipped with a simulation centre but limited access to trained facilitators may opt for the combination of immersive simulation and within-team debriefing. On the other hand, a facility with few intermediate-level facilitators with limited time for curriculum design and no simulation centre may opt for prerecorded, video-based observed simulation with scripted facilitation or within-group debriefing. The combinations and permutations of the major components of the simulation and debriefing experience can be tailored to meet the needs of the local context.
Lenguerrand et al's attempt at scaling PROMPT across Scotland provides a prototypical example of the challenges faced by many of today's teamwork training initiatives. These include resource-heavy initiatives with limited implementation support to adapt the training to the local context. The optimal approach to simulationbased teamwork training depends on the local context, but a low-resource method of delivery that minimises the need for expert facilitation skills and specialised equipment is likely to have the farthest reach. In the future, large-scale teamwork training trials should aim to understand and address barriers to scale through detailed and cyclic study of implementation experience with redesign of the implementation strategy (and potentially the intervention itself) in the model of plando-study-act and similar quality improvement frameworks. [21] [22] [23] [24] This will accelerate the pace of discovery of interventions that have been designed and tested with respect to the varying levels of resources and readiness that exist in the real-world settings. This offers the best hope for improving patient outcomes at scale.
